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(57) [S»] 

MRfc^R] IlfflSSI14Il/Il©aitti2 
/SB 1 CD h >*;UBM 3 /JB 2 cD&ffl4Jf 4 /SB 1 CD 
im&m 5/S3 CD&ffiB14B 6 /SB 2 O^ttttH 7 /SB 
4 (D&M&m 8 /SB 2 CD h >*JUftMI 9/i5 CD&& 
fill 0/Sg2CDR^fi8ttgl l!i«8I$ftfcMttr 

2&<fctfSB3cD3i>mt!feJf 4, 6 #J6 1 ©IMBttJi 5 Sfl- 
5. 



/ S S S S s , 



-10 

-9 
-8 
-7 
-6 
-5 
-4. 
-3 
-2 
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1 

im&m i ] mi <r>K®.m&m/w>, i <D^m^±mym 
i © h yz-ivmrn/m 2 <»mm.m/'m i o^sttii 
/fg 3 <D&m&m/m 2 wm&M/m 4 cd&sh4js/ 
^ 2 <D h >*)mmm/m 5 o&m&m/m 2 <Dfc<&m 

SB 4 2 ffl*KttIS^LTR8Stt^ 

2 ] 1 »cae«©«*ffititja**^ t h 

[0 0 0 1] 
t0 0 0 2] 

OiSfceaJSSBJMlSfrFKtt. F e N i £&&£©/t 

[0 0 0 3] iB*f. «rU^^*-XA»C*^<*#{c* 
(GMR) UmthX, «tt»t#«ttJIiS:»nm© 

it. Fe/CrfflAlfefl (Phys. Rev. Le 
tt. , 6 1. 2472 (1988) #,1) C 0/ 
C u © Alftfl (J. Mag. Mag. Mate 
r. , 94, LI (1991) ;Phys. Rev. L 40 
ett. , 66, 2152 (1991) #HB) & j| 

[0 0 0 4] #«tt&«»*^UTai«tt»*« 



2 

Stress. c©Jf£. 2oo3ft«ttBianSf«ite 

[0 0 0 5] «-httBtiiii*3lc«aE*atL/fc«^©««fi 

tn!^I^ : ^f#e.tX-5 - i:fcft]iS.tlTH-5 (Phys. Re 
v. Lett. , 66, 3060 (1991) #BS) . 

Lfc, a«tth>*^te£lcj;*g*««fitt3&j|i (T 
MR) fe«6ftTt»*. *»Ji£2 0«;t;fc|S« 

&m/m%Lm/&m&m/iiimm/mm&m<n 5 e> 

it©{£T^/h£ n £ -5 <#S7&**S«, 
[0 0 0 6] ftifiTtt. g*«Sffitt3S*iB^*«Si;;* 

: tv%k z ?-\zmm-?z>z\t%m9i-2tL-c^z> (j Pn . 

J. Appl. Phys. , 34, L415 (199 

5) ) „ £©!§•&, ;£&i&§-&©&^, Xt°>/N*^X^jg 

*»3*«tt h > jMi?#t?!iAi snTi>*. ens© 
^ *v h u y z^mzm&u. mzi&tttzmmzmiMz 

SLTi^#€rEPSnL. £-Sfl^ : -£#i)5£T ; 5> 2 0©&t£Jf £• 
Sl^lCWr iifcttRWlCfWffll-r-S C t(Ccfc 0. 

"1" . "0" ZBmZ&Z. «*ttiL-ttGMR3S*$ 
&»4TMRS!l**fiJfflLTfT'5. 

[0 0 0 7] L^L. dOTcfc^frfiBM^'J^Hi::^ 
Ttt. i^eSIB^CC0^:s6lcm j F-9-'r X*£/h£ < "T-S <t 
R«l^^#<^-S„ ret*. Re#ir*T^»-3TIB 

#<^5^il:jgBbT, JKM t X x 'J 

*tf* »c d , ic st -5 warn * < * <t ^ 5 

f^gifcSofe. ZLtlZOfflm&MftT&fZiblZ* 

^©TX^i? hit (^FffiW^ftSct^iwjt) &±2< 
MlztSiZ. 
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[0 0 0 8] 
[0 0 0 9] 

Tit, m i oR.m&'&m/'m i n&m.'&m/'m i<dv> 
*M/tmm/% 2 (D&M&m/"m i <Dim&m/m 3 © 

ifT^tjT, *2*3«fctf£3©3S«ttJi;&«SSl0>#« 

9ft«ttB3&«*2 0#«ttJi*^LTR5l«ttilS^UT(r» 
ZZ 

[0 0 10] Sfc, ^KffiSa/tU^gH _Lf2CD 

[0011] 20 

14, |g 1 CDK3MH4J1 1 . Ilffl3$IttI2, IfSlCDh- 
>^MII3, ?g 2 CD&fiSttJf 4 . 
5, ?fl3c93$mi4Jf 6, SB 2 <Z>#«ttJi 7 . £4 09&«t 
itm 8, I20h>^ii9, S5©8«ttSl 
0. £ 2 0££«ttJ| 1 l#!«Ji;**lfc5fi«tt=«h> 

[0012] as i cd h >*)is&mm 3 £?g 2 cd h >*;u 

«»»9<!:©|HICl**tlfc. MS2C9&EBtS:JI4. SfS 1 CD 30 
#lttl5> IS 3 CD&fi&ttJf 6 , * 2 7, *3 

£tf354CD3£fiBt3:Jf 8«fiBSlgegUi 1 2£MLT^ 
5„ Sg2 43j;tfSg3CD§£fi314Jf 4, 6 1 
5£:frLTK&fi&tti|g£LT:&*K SUCDSBfl^S^pfr 

[0013] mi CDSS&ttJf 2 tt. SB 1 <8£3H8tt M 1 
i: L, Ti * cd^HI (c^f Ufa \zm.itt>mM £ tl 

T\>*&. ^#fC. ?g 5 CD3$fi3t£ Jf 1 Ott. 3B2®£$tt 40 
148 1 1 LTIII^CD^EPiC^-r^lClfS 1 CO 

®mvkm 2 coaikco^ t m-jjfa \zm.mmm a nt 
[0014] cwaftigftassR^TttWJE^i^tcna 

««««EPHlSn4t. S6 2&V>LSB4(B3*«tt:Ji4, 
«fl:l3<E-r4. a§lCD3$mttJf 2i5j;tff§5CD?it 

m&m i o a^tn-fn* 1 &&&& 2 cos^attH 1 . 

1 1 4:©3EiJMS£l;:J:-3T. MI2fc(r>USfl4CD3£mttJI 

4. 6. 8 ©«fl;**iaiK'r*8aw^»««T?tt. «it 50 



4 

iHiG^i;^^j;-5tca*$nT^-5. :^lt, ai2 

&<^LSS4C9&fiBttB4. 6. 8IC "1" Sfeti "0" 

[0 0 15] fBl©*«ttJ15«r^t'TK3l 
«tt»^L/fcSB2*«ti;Sf3©Si«ttJi4, 6HT«JR 

tz.%, 3 &£ZSm 4 <Z>3M8i£J| 6 . 8 mxmJ&tfffl CX^ 

ir;pcD*££(cttt5£^ft??*-f. at2&^Las4CD 

3£«B«iJf4, 6, 8 CD«fig*;Hc Lfc3&»t> 

scot, ^x^n^-a****:*^. m&Jj 
ttHu, »ftro^:€ra*Mfrn«, IWi:liHc 

= 2Ku/MT-^i^tl5. TtS.t>tE>. — ISS^ttKu 
fc, E!*«tte^bJfc3S2&^LS4©3i«ttJ14. 

[0 0 16] B 1 ©«««BtSS** : F-rtt. 68f( 

esu 2»c3no3i«ttJi*«^*n*©T?. mmzm 

m 1 2COM«coai2 43c}:UCm4CO!Satte4. 8cDJ8{b 
co^(6]*s|S|— icfc^T^-s. ;rcDi§£\ MSi£>h>*;u 
*6ifiB 3 *&hjXW, 2 CD&iSSttB 4 1 C03S 

S&ttB (8HtB*Ji) 2i, JB2©h>*;Hfi*)i9i 
#SA,T-fg4CD3iffi8ttJ18 tttfa-T-SSfJ 5 CD&attJB (« 

fbS^Ji) lOtco^Tt). mftro^ffija^— left*. 
CI CO J; -5 tCjg 1 C03S^ttH 2 £fjl 5 CD^ttS 1 0 co«8 
{bco*iRi^|W|-{c-r-5tcti. tli*5<tc7:ai2cos^ai4 
§1. 1 1 LlsTm— CO^i(Bf$-ffll^fe*ltT c ttiCDT. 

[0 0 17] a?2^^LM!4C0^ett^4. 
6, 8lC*tiT®*Sr#^twB!UStC«. S?l3CD3£ffiB14 
€ 6 COKfbcOfflM 3 f)K f!2*3j;atSS4CDaHE8ttg4, 
8©«fl:SftlAfcttM (2 + 4) t^LUdt^WSL 
L*^L. M3tM (2 + 4) COfiAi|Bl-Tfe-&Jl^ 

\z iz&mm <Dmitmtt>mm tz tz «*: * ; . c n s comft 
[ooi8]WA«. a?2^^La?4co^ett@$-Pii; 

tWe^BE-r^^^tCtt. Sg3CD3£fiSH4Jg6<DJ£;*T3 
t. m2*5.J;O:ai4C0^at4S4, 8CO^H"COpaT 

(2 + 4) t*W«C-5J:5^-r«). CCO*-a-. T3tT 

(2 + 4) <hcOHco*e»ffl«0. 5nmHi5nmKT 
CDffiWX&Z Z, iii>W£ Ul/i. 

[0 0 19] JB2&t»LSB4©3fi«ttJi4. 6. 

8l:SS5W*fflH5ii:tiD. M3iM (2 + 
4) OTffl36W«C-5J;3{cLTt)«fcV>. 

[0 0 2 0] R»«tt«HC3Z»»^bfclB2a: 
l»La54 0»«ttJi4. 6. 8tw^LTft!lC0^ett@£ 
mwz>znz<£r>. M 3 tM (2 + 4) CDfirtWi&J; 
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0\ZLTh£\,K H2<0«««ffi»**^tt, HI com 

■ 4. 6. 8<£>e>*>, «4<7)^«ttB8JC»LTSS«tt 

tlTV7 MffltS*t#flfttAtf^-7D-f, F 
e, Co-Fe^ Co-Fe-N i&Mi'Sffl^ 

[0 0 2 1] *58WlC;6^Ttt, 0 3 (C^-Tcfc^lc, fg 
1<03SBBM4» (BftBM) 2tLT#BttI2bt* io 
tt 2 -DCD^m^m 2a, 2c 

1 0tLT#«ttil 0 b^LT2^I(4il 0 

a. i o ctf&&m&mz&mi&&vtz.m$Lmmm$:m 
attn 2,10 comity iz&izfr-Dmmizmmzn 

[0 0 2 2] #IC, *«W0)K»»JftSa*3||^lcfflli6 20 
Tt4* R*fflUf4h>*;^B8»fitfi:ai**«fflLT«« 

4, 6, 8 0#r4tbT, Co, Fe, Co-Fe^ 
Co-Ni^ Co-Fe-Ni&M^ffl^ 

4, 6, 8©tt»i;LTH Jhj£L£:Fe, Co, Ni 
*5j:^cr)^CO{5^(C, NiMnSb, Co2MnG 30 

y **)1>\z—Jj<dx e>/t> K kx*;^— 4 s * ^ ^ 

[0 0 2 3] »2&^US40K8ttf4, 6, 

<^c^o — fflmaS^14co^:#$t4, 10fierg/c 40 
m3J^T. #£L<t4l 0 5 e r g/ c m3j^TT$>3 0 

[0 0 2 4] S2^^L^4^ittl4, 6, 8<DW 
^aEUTK»Bttj|e^St>fc6TIBl*J:tX*2fl5* 
«tt)f 5. 7^^1,111 Cu, Au, Ag, C 

r, Ru, I r, Al, SfclJune»^Mi:, ^< 
04SS:ffil^u<i:^Tf^o t£JC, Cu, Ru, I r 

L^o #«tt)I<Z)|«»<Z)»$Hri«H«, 0. 5-2 n 
mT^^o ' * 50 
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[0 0 2 5 ] h>*;Kft»H<Z)#»tLTtt, Al 

NiO, Sftv I J3>, MgO^ifSfflt^Ct 

0. 5-3nmt'Sl)„ 

[0 0 2 6] R3S«ttJBO«t»i LTI4, FeMn, I 

[0027] *3sw<D«a«KJ»** : f i *«rt-r*a^ 

C0SSHII4, »fixt^ + y- (MB E) r£, §ix/^ 
[0 0 2 8] 

[0029] mmm 1 

itS i Sffi±{Z, 1 0 nm^Ta/ 1 0 nmODN i F e 
rt^fS&aTJftJB, 5Onm0I rMnd^a-5S»ltt 
■ 1. 1. 5 nm(DC 09F e 1 0MftI 

2, 1. 5 nmCDA 1 203^£&£Sgl<D h>*;M6» 
S3, 1. 5nm©Co9Fe^^/j:^,M2^iftI 
4, 0. 8 n m©R u ^ 1 0#BttB 5 , 1. 

5nmO)Co9Fe^e)/c!:^S308ittI6, 0. 8 
nmORu*^WS2(/)#ittl7, 2. OnmCON 
iFe«^S5KBS18b t 1. SnmCDCogFe 
a*e>fc£^4(7)3£fi8ttJi8, 1. 5 nmCDA 1 203^«E> 
&3 H>^;i46liJi9, 1. 5 nmCDC 09F e^£>& 
^)l5 0SBttil 0, 5 0nm©I rMn^^ftSg 
»il 1 SrJH*fll»Lfc. 

[0 0 3 0] £2^B«g4, Sl<^ 

#BttH5, ^3(DMttl6, I2 0|fBfii7, 5S 
BttJI 8b, 14 0>5MH£J| 8 TBXGRI 1 2 

fi8ttH5*^LT^2*3<fcO:»3^«tt»4, 6 **K 
3$«tt*g£LT*5rK 82(D|fBttl7**LT»3* 
«fctf»4<&3a«ttli6, 8 3&«KSiaMt»ftLTl»a. N 

i F e &mVkm 8 b 14, fg 3 c£^mttJi 6 CD^fb^MM 
3£, S2£<fctf»4<Z>3Satt/l4, 8<BBffc£ttJA;fc 
MM (2 + 4) SrSt^CS&^itSfcd&^S^Tl^. 

[0 0 3 1 ] ±TOilttKfflt*SCli<i:<»J«Lfc. 
*143j;tfS2<Bh>*;Wfi*JB3* 9^Mf§Al 
203*4, A 1 &m&Xrty&Lfc'&, y^XTSfcfS 

1 1 (Dfam&m 2 ^4 1 0 0 u™m<DTmzmM> 
ttcDffla&m-r&^xz&misTi&misrzc fgi<E>h> 

*;Mfi»JB3tc£8S£n5A 1 tt«&8B«tt(0lJBP€:W 
n^^^ilTSllL *l<0h>*;Utt»«3 
ckO±BS©#JB«TB8IB«JCit3gTS*fp]^StfS l 0 
0 Mm«(O±8BiB«^«tc0BBPS:*-rsvx^*iiLT 
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OxiOOjimZtUc. Bg^lClOOOeW 
[0 0 3 2] £©B«StS3»*JlW::tH»T. 4«m* 

[oo33] nvm 2 

tra«©*»«jfi**-r*3ft», nifiM i «fc o 

Stti, 5X5ym2. lXUmiSfcBO. 4x0. 

4tt?-ft*m»T«»«tt£MjeUfc<»:£J5. -tn-rn 
120e. 2 50e, 3 50e tt-^'hSft«#TlI 

[0 0 3 4] *IC, 04:fc«fctf0 5 S#ILT, MOS 20 
CDMRAMCD^BE. I35«3 X 3-t;UCDMRAMCD^ 

[0035] ia4{c^-r«tp(c. ->U3>ii2 1, y 

— h««12 2. 7—*, HM>ii(2 3. 2 4A»6ft 
5h7>y*X^2 0«^nT^. y*-hli2 2 
ttR*fflUJB©'7— H^-f > (WL1) ^ElcbtH 

■7— h*7-f> (WL2) 3 1*iM$nT^I>. h^> 30 
v?X^2 0©KK>I«2 4(Cttn>^^ h^^;P3 
2**»«a*u $^>icn>^i7 h^^;u3 2i;llTl(fei 

3 3^St5ntt^. CCT1I3 3±COS#iA*.ffl 
©9-K7-f> (WL2) 3 1 CD±*lC*t!c:-r-5ft^ 
JC. *fS9Ifcttaii«tth>*.;W*£* : f- (TMR) 1 
0 0/W£j&£*lTt^-g>. TMR10 0I1 Il~@3l: 
^Lfc^iiCD^-rn^WLT^Tt.J;^. ^fflTMRl 

0 0±(Cb*-> h7"T> (BL) 3 4jWgfifc£tlT^-5. 

[o o 3 6] m5<Dmm\Ei9&m\z7fi-?£o\z. \-^>^ 

X^2 0i*|g^®tth>*;^^ (TMR) 40 

1 o o £a>s&**s©*tuir;w±7'i^ttKE*j;* 

nt^4. h7>v*7.^2 0©y- hS^1^67i-5)Sl^ 
Ulbffl© , 7-K7'f > (WL1) 2 2t, «#&<^fflCD 
7— h*7-f> (WL2) 3 1 tte^fT KE«£*lTlr> 

a. sfc, tmr i oo)±mzmmsntc\dy h^-f > 
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(BL) 3 411 ■7-h*^'r> (WL1) 2 2*3«tOf7 
-K5-f> (WL2) 3 1 «!:BS!LTSH3*lTl>«. 
[0 0 3 7] MRAMtt^t- Ki^WCffi 

«S«ttH>*JH«^*f (TMR) ii&mmv-zMtf. 
LT^iK Hr#WtCte. 7— K5-f >±lcy-f K 

bneu TMR±»c7-h*7-f >tiasjUTe«snfc 

[0 0 3 8] 

X*/h*< life, JE«»©jK»ttl/»C/hS«:» 

m i ] *&w<z>mmt&mm%;m?<Dmmm. 
m 2 ] &&w<Dmm.t&m%i%:m?<D«iwm. 

IM 3 ] *f8^©JK^SSi^mSI^<D»r®0. 
[04] #*WK«*a««tt»*slHP£h5>>*X* 
t*^S5MRAM©lri@. 

[05] ^fswjcffisaaffitts***^^ h7»*^^ 

e.7i-5M R AM«^flE(USS|g„ 

2- SBlO!l«ttJl 

3- SBl©h>*;Hft»» 

4- Sg2<Z>3£fiBttJi 

5 - SB 1 <D#«ttiJi 

6- Sg3<Z>3£iaBttJf 

7- I2CD^Stt@ 

8- SB4CD3£ffi&ttB 

9- S2fflh>W»»g 
1 0 5 055£SB14g 

1 1 -SB2©RM«ttJI 
1 2 -B«GA« 

2 0-h7>yX^ 
2 1 ■••yU3>IS 

2 2-y-hfI («*.ffll/ffl7-K?'f» 

2 3. 2 4-V-X. h*K>a« 

3 1 -#£i£*ffl'7— h*7-f > 
3 2—U>9!7 

3 3-T«i 

3 4 ••£•> h^f > 

10 0-*Itth>WS&i? (TMR) 
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